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Abstract— The paper presents the designed prototype for a 
highly nonlinear, multi-input-multi-output aerodynamic system. 
The laboratory scale equipment is created to simulate the 
operations of unmanned aerial vehicles. The prototype is 
conceived to be cheap and easy to use, in order to be multiplied 
for laboratory works. It is also described the first tested control 
strategy, based on dynamic nonlinear model inversion using 
artificial neural networks. The experimental results prove the 
efficiency of the equipment, being able to test different real 
operation behaviors. 
Keywords—unmaned aerial vehicles; laboratory scale 
equipment; artifical intelligence 
I.  INTRODUCTION 
In the last few year researchers have an increased interest 
in developing control algorithms for unmanned aerial vehicles 
(UAV), due to their multiple applications from aerial 
photography to aerial surveillance and tactical awareness or 
inspections  [1, 2]. This was the motivation for the present 
work: to design and implement a laboratory platform to 
simulate the operation of the UAVs and to perform 
experimental tests for evaluating different control strategies. 
There are a series of prototypes [3, 4, 5, 6], each of these 
having advantages and also some drawbacks. Unfortunately, 
these are not available for market. The available laboratory 
scaled systems are much too expensive and created for some 
particular behavior [7, 8]. 
The present paper describes the prototype realized by our 
team and the first tested control scenario, based on the 
experience gained in our previous research [9, 10].  
Being a highly nonlinear, multi-input-multi-output system, 
the control needs some advanced techniques. The novelty of 
the paper lies in using closed loop model inversion method to 
counteract the interdependencies between each subsystem. 
With this goal single hidden layer artificial neural network is 
trained offline with model error feedback. 
The paper is organized as follows. After this short 
introductory part, Section II presents the designed UAV 
prototype. In Section III are described the control strategy and 
the experimental results. The work ends with concluding 
remarks. 
II. THE DESIGNED SYSTEM 
The proposed prototype is a nonlinear, multivariable 
laboratory scale twin rotor system, specifically designed to test 
and evaluate control algorithms by means of the 
MATLAB/Simulink® software environment, Figure 1. The 
dynamic behavior of the system is similar to a real helicopter. 
 
Fig. 1. The twin-rotor aerodynamical system 
The stand is made of an electronic part composed by the 
two brushless motors, which move the system on the horizontal 
and vertical axes, two potentiometers used to determine the 
position and a voltage source which is used to power the 
system. The base of the stand is made from Plexiglas and is 8 
mm thick in order to balance and sustain the whole system. The 
column of the system is made of anodized aluminum with 
dimensions of 30x30x300mm. The bearings from the axes are 
radial ones type 608. The rotors are protected by the usage of a 
1mm thick polycarbonate sheet. In order to control the two 
motors an Arduino Mega 2560 microcontroller is used. It has a 
transmission of 9600 bps, having 8 bits with no parity bit, but 
with a stop bit. The two tri-phase bridges (ESC – Electronic 
Speed Controller) of 30 amps are used to command the motors 
by having PWM signals. The controller itself is computed and 
is implemented in MATLAB/Simulink®, the signal being sent 
*
to the microcontroller and from the microcontroller to the 
motors. The error of the system is given by the potentiometer 
and sent to the model. 
Serial communication was used to transfer the data from 
the microcontroller to the computer and vice-versa. The 
command signal is computed and transferred in the 
SIMULINK file, the output signal is sent from the 
microcontroller, with which the error is computed.  
The motor which moves on the vertical axes is called Pitch; 
while the motor which moves on the horizontal axes is called 
Yaw. For the Pitch motor a counterweight was used and an 
elastic element was used for the Yaw motor. 
To power the system a 30V and 5A power source was 
used. Since the command signal could possibly have high 
values, the power source has a protection mode. A possible 
alternative to power the system are Li-Po batteries, which do 
not have the advantage of protecting the system from the 
aggressive command signal. The main disadvantage of the 
batteries is the fast discharge rate caused by the high-power 
consumption of the motors. 
The control systems will be implemented in 
MATLAB/Simulink®. For this purpose, the first necessary 
blocks are the communication ones (Serial configuration, 
Serial Receive and Serial Send). These blocks need to be 
configured to use the selected port and the sampling time. It is 
necessary to use a conversion block since MATLAB® 
computes everything in double and the microcontroller uses 
byte data. This causes the maximum value of 255 for the 
command signal, which can be transferred to the 
microcontroller without any issue. The zero-order-hold block is 
used to transfer discrete data. The sampling time is taken as 
0.01 to be the same as all the other blocks from the model. To 
get the command signal the PID blocks are used. Each motor 
has its own controller. In order to set the controller parameters, 
some computations and tests were needed to assure the system 
works properly.   
 
Fig. 2. The serial communication between the process and 
MATLAB/Simulink® 
To visualize the signals the dashboard scope was used. This 
type of scope was chosen because the analyzed signals can be 
changed without changing the link between blocks.  
A button is used to start and stop the system without 
stopping the simulation. The purpose of the button is to protect 
the system; the commands are executed only if the button is on 
the ON position. When the button is on the OFF position the 
position on the axes can be read. If the system is stopped it is 
recommended to stop the simulation, when the button is 
switched back on the command will have a very big value and 
it might damage the stand. Two switch blocks are used in 
order to give a 0-command signal if the button is on the OFF 
position. 
The Arduino code presented in Figure 2 is used to transfer 
the values from the potentiometers using the analogRead 
function. The command signals for the motors are scaled using 
mapping and sent to the equipment. 
The designed controllers can be implemented in 
MATLAB/Simulink®, as it is presented in Figure 3. 
 
Fig. 3. The MATLAB/Simulink® scheme for the control system and 
communication with the equipment 
III. RESULTS AND DISCUSSION 
In order to test the designed system, a first control 
experiment was made. As first step was to obtain the process 
transfer function by identification, namely were identified the 
time and gain constants of the corresponding transfer function. 
The experimental behavior of the system indicates a second 
order transfer function between the motor voltage and 
position: 
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To identify the parameters the following method was used. 
From the step response of the process, the maximum value and 
the next maxima were used to compute the natural frequency 
and damping ratio of the system. Using these parameters, the 
two time constants (T1 and T2) were computed. From the input 
step value and the output signal the gain coefficient (K) was 
established. Both rotors being identical, the same transfer 
function can be used for each one. 
For the two models are designed PID ((proportional-
integral-derivative) type controllers, using the classical root 
locus method. 
In order to counteract the interdependencies between the 
pitch and yaw movement, the closed loop model inversion is 
used [11]. With this method the desired and the measured 
pitch angle is compared in order to find and cancel the error 
signal. Single hidden layer artificial neural network is trained 
offline with model error feedback. The inputs to the network 
are the current error, pitch and yaw angle at current and 
previous sample. The obtained output is the rotor voltage, 
which is added to the voltage obtained from the direct loop 
yaw and pitch controllers.  
 
Fig. 4. The experimental results for a PI controller for step input on pitch 
axes 
 
Fig. 5.  The experimental results for a PID controller for step input on 
pitch axes 
The obtained experimental results are presented in Figure 
4-8. In Figure 4 are presented the experimental results 
obtained for a step input on the pitch axes. In the top part of 
Figure 4 the red signal is the value for the Pitch position, while 
the blue one is Yaw position. In the bottom part of Figure 4 
the purple signal is the reference signal. The yellow signal is 
the error and the blue one is the command signal sent to the 
motors. 
 The results presented in Figure 4 are obtained with a PI 
(proportional-integral) controller. In can be seen an oscillating 
output with large settling time. The performance of the system 
needs to be improved. Thereupon a derivative term was added 
to the controller, which solved the problem. The signals 
presented in Figure 5 are asigned in the same way as in the 
previous case. 
 In Figure 6 are presented the experimental results obtained 
for a step input on the yaw axes using a PI controller. The 
reason for using this type of controller is because the 
derivative effect amplifies the noise from the system. The 
results are very good, needing no additional control effects. 
 
Fig. 6.  The experimental results for a PI controller for step input on yaw 
axes 
 The systems response to disturbances were tested in the 
following scenarios. In Figure 7 a perturbation affects the 
physical system at 15sec and 50sec. It can be observed that the 
command signal is increased in order to counteract the 
occurred disturbances, but the steady state value of the output 
is not affected. 
  
Fig. 7.  The experimental results for disturbance analisys on yaw axes 
 Figure 8 highlights the experimental results when three 
succesive disturbances are applied to the pitch axes at 15sec, 
38sec and 70sec. The efffectiveness of the control strategy is 
obvious, the disturbances being eliminated in 1.5sec, while the 
control effort do not exceed the implementable limits. 
 Figure 9 presents the experimental results for a squared 
wave signal as input for the yaw motion. The control signal in 
this case is high at the changing front, but the steady state 
values are mantained. 
 
Fig. 8.  The experimental results for disturbance analisys on pitch axes 
 
Fig. 9.  The experimental results for square wave on pitch axes 
IV. CONCLUSIONS 
The paper presents a designed, laboratory scale prototype 
for an unmanned aerial vehicle. The control strategy can be 
implemented in MATLAB/Simulink® in order to test real life 
behaviors. The experimental results obtained with the first 
designed control strategy highlights good performances in 
tracking commands.  
Future works consist in developing different dedicated 
control strategies in order to find the optimum one. Such a 
control strategy could be an adaptive controller which changes 
its PID parameters. In this case the performance of the system 
can be improved both in tracking and disturbance rejection. A 
similar improvement can be done by implementing a robust or 
fractional order controller. It is also scheduled to design 
different control strategies based on nonlinear model of the 
system. 
Having the physical equipment, the main step for research 
in this domain is fulfilled, having the opportunity to test any 
control strategy. 
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